Introduction
Lung cancer is the primary cause of cancer-associated mortality worldwide, and non-small-cell lung cancer (NSCLC) accounts for 85% of lung cancer. 1 A few oncogenic driver mutations have been established in NSCLC, especially in adenocarcinoma, such as EGFR mutation, anaplastic lymphoma kinase (ALK) rearrangements, 
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Zeng et al ROS1 rearrangements, and BRAF V600E mutations. [2] [3] [4] [5] [6] Targeting these mutations facilitates treatment decisions and the clinical management of NSCLC patients and significantly improves the prognosis of NSCLC patients. [7] [8] [9] The ROS1 rearrangement was first reported in 2007, and it occurs in 1%-2% unselected NSCLC patients and 5% of NSCLC patients without EGFR mutations and ALK rearrangements. [10] [11] [12] [13] Similar to the ALK rearrangement, the ROS1 rearrangement was commonly found in young age group, nonsmokers, and patients with the adenocarcinoma histology. [14] [15] [16] ROS1 is a receptor of tyrosine kinase in the insulin receptor family. 10, 17 The kinase domains of ALK and ROS1 rearrangement proteins are highly homogenous, sharing 77% amino acid identity within the ATP-binding sites. 10, 18 Therefore, the ALK inhibitor crizotinib was supposed to be effective for NSCLC patients with ROS1 rearrangement. On the basis of robust data of efficacy and safety observed in previous multicenter studies, 10, 14, 19, 20 crizotinib is recommended to treat NSCLC patients with ROS1 rearrangement. The US Food and Drug Administration (FDA) and China FDA approved crizotinib for the treatment of advanced NSCLC patients with ROS1 rearrangement in 2015 and 2018, respectively. In previous crizotinib efficacy studies, fluorescence in situ hybridization (FISH) and real-time (RT)-PCR were the predominant ROS1 identification methods, and FISH represents the gold standard for determining ROS1 positivity in clinical trials. 21, 22 Compared with FISH and RT-PCR, next-generation sequencing (NGS) has the advantage of the ability to detect and find specific and novel ROS1 fusion partners, the frequencies of ROS1 rearrangement, tumor mutational burden, and other concomitant mutations. 23 This year, the National Comprehensive Cancer Network (NCCN) guidelines (version 1.2018) added NGS as a standard method to detect ROS1 fusion in NSCLCs to facilitate crizotinib treatment. 24 To the best of our knowledge, no efficacy data of crizotinib in ROS1-rearranged NSCLC patients identified by NGS have been reported. Thus, we conducted this realworld retrospective study to verify the efficacy of crizotinib in ROS1-rearranged NSCLC identified by NGS as well as to explore the impact of potential genetic or clinical influential factors.
Patients and methods Patients
This study was conducted in a group of NSCLC patients who received targeted NGS testing (Burning Rock Dx; Burning Rock Biotech Ltd, Guangzhou China; 56 gene or 168 gene panel) from September 2015 to January 2018 (time close to crizotinib launch) at the Hunan Cancer Hospital, Changsha, China. Patients with NSCLC identified with ROS1 rearrangement by targeted NGS were enrolled. A total of 22 patients with NSCLC were identified with ROS1 rearrangement using targeted NGS, and 19 of them received crizotinib treatment in their clinical course (Table 3) . NGS-detected samples were tumor tissues (n=19), malignant plural effusions (n=1) embedded in paraffin samples, and plasma (n=1 next-generation sequencing The 168 genes include APC, B2M, BRCA1, BRCA2,  CCND1, CD274, CDK4, CDK6, CDKN2A, FGF19, FGF3,  FGF4, KEAP1, KRAS, MLH1, MSH2, MSH6, MYC,  NFE2L2, NRAS, PIK3CG, PMS2, POLE, POM121L12,   PTEN, RB1, SMAD4, STK11, TP53, VEGFA, YES1, AKT1,  ALK, AR, ARID1A, ATM, ATR, BARD1, BCL2L11,  BCOR, BLM, BRAF, BRINP3, BRIP1, CARD11, CASP8,  CBL, CCNE1, CD74, CDH18, CDKN1A, CDKN1B,  CHEK1, CHEK2, CREBBP, CSMD3, CTNNB1, CYP2D2,  DIS3, DNMT3A, DPYD, EGFR, EMSY, EP300, EPHA3,  EPHA5, EPHA7, EPHB1, ERBB2, ERBB3, ERBB4,  ESR1, FANCA, FANCI, FAT3, FBXW7, FGFR1, FGFR2,  FGFR3, FLT1, FLT3, FLT4, GATA2, GATA3, GRIN2A,  H3F3C, HGF, HIST1H1C, HIST1H3B, HIST1H3G, HRAS,  IDH1, IDH2, IGF2, IKZF1, IL7R, INHBA, JAK1, JAK2 sequence data analysis Sequence data were mapped to the human genome (hg19) using BWA aligner 0.7.10. Local alignment optimization, variant calling, and annotation were performed using GATK 3.2, MuTect, and VarScan. DNA translocation analysis was performed using both Tophat2 and Factera 1.4.3.
statistical analysis
Estimation of PFS was calculated using the Kaplan-Meier method. Statistical analysis was performed using Statistical Product and Service Solutions (version 5.01). The Cox proportional hazards model was used for multivariable survival analysis. Variables with a P-value ,0.1 in the univariate analysis were included in the multivariate analysis. Schoenfeld residuals were used to check the proportional hazards assumption. All tests were two-sided, and P,0.05 was considered to be statistically significant. All statistical analyses were performed with R (version 3.3.3, the R Foundation for Statistical Computing, Vienna, Austria) and RStudio (version 1.1.383). 
Results

Patients and clinical characteristics
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Zeng et al included in this study. Twenty-two patients (1.5%) were identified with ROS1 rearrangement, and 19 patients received crizotinib treatment (first-line treatment, n=14; second-line treatment, n=2; $third-line treatment, n=3) (Tables 2 and 3 ). Among the 22 NSCLC patients with ROS1 rearrangement identified by targeted NGS, 21 patients had a histologic diagnosis of adenocarcinoma, except for 1 patient who was found to have adenocarcinoma mixed with squamous cell carcinoma. Other baseline clinical characteristics including age, gender, smoking status, and PS are outlined in Table 1 . The specimens, targeted NGS panels, and genetic results of 19 crizotinib-treated ROS1-rearranged patients are listed in Tables 2 and 3 .
genetic characteristics
Twenty-two patients with NSCLC were detected with ROS1 rearrangement by NGS ( Figure 1A ). We found that five ROS1-rearranged patients carried dual ROS1 fusion partners: CD74&PUM1, CD74&MRAS, CD74&ADGRV1, EZR&BTBD9, and EZR&XPNPEP1, respectively ( Figure 1B ). In addition, 10 ROS1 fusion partners were detected, and the most common one was CD74, accounting for 50% (11 of 22) ; other ROS1 fusion partners included SDC4, TPM3, CCDC6, EZR, MRAS, ADGRV1, PUM1, BTBD9, and XPNPEP1 ( Figure 1, Table 3 ). In addition, we found 23% (5 of 22) of ROS1-positive NSCLC patients with other concomitant mutations, including TP53&PIK3CA&mTOR mutation (n=1), TP53&CDKN2A mutation (n=1), TP53&BRCA2 mutation (n=1), ALK missense mutation (p.R311H) (n=1), and MET amplification (n=1).
Efficacy of crizotinib in NSCLC patients with rOs1 rearrangement
A total of 19 ROS1-rearranged NSCLC patients were treated with crizotinib. Among them, no one had a complete response, 17 patients had a partial response, 1 patient had stable disease, and 1 patient had progressive disease (Tables 2 and 3 and Figure 2B ). The overall response rate (ORR) was 89%, and the median PFS (mPFS) was 13.6 months evaluated by the Kaplan-Meier method ( Figure 2C ). By the Kaplan-Meier method, we found that NSCLC patients with exclusive ROS1 rearrangement had a longer PFS than those carrying concomitant mutations (mPFS 15.5 vs 8.5 months; P=0.0213) ( Figure 2D ). There was no significant impact on PFS considering brain metastasis, fusion partner subtypes (CD74 vs non-CD74 group), mutation abundance, and single or dual fusion partners in this small sample size study (Tables 2 and 4) . safety of crizotinib in nsclc patients with rOs1 rearrangement There were no newly occurring or intolerant adverse events compared with other studies. Generally, crizotinib was tolerated and safe in NSCLC patients with ROS1 rearrangement.
Discussion
According to our literature search of April 5, 2018, this was the first real-world study to assess the efficacy of crizotinib and search the correlation between the response duration time of tyrosine kinase inhibitor (TKI) and the presentation OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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Efficacy of crizotinib of additional mutations in NGS-identified ROS1-rearranged NSCLC patients. Using RT-PCR to identify ROS1 rearrangement, the phase II study conducted in East Asian patients showed an mPFS of 15.9 months and an ORR of 71.7%. 20 Another phase I study on which the FDA gave crizotinib approval exhibited an mPFS of 19.2 months and an ORR of 72%. 25 As reported by Davies et al, ROS1 rearrangement detection in the clinical setting with break-apart fluorescence in situ hybridization, DNA-based hybrid capture library preparation, followed by NGS and RNA-based anchored multiplex PCR library preparation followed by NGS is complex, and all methodologies have inherent limitations. However, to identify high-degree genotype, our study chose NGS to access ROS1 rearrangement. 26 Our results showed that the mPFS was 13.6 months and the ORR was 89%, in spite of the small simple size; these findings represent the robust efficacy of crizotinib in NGS-identified ROS1-rearranged NSCLC patients.
In addition, we found that co-occurring mutations were not rare in patients with ROS1 rearrangement and may negatively affect the PFS of crizotinib. A previous study showed that ROS1 rearrangements were not mutually exclusive with other transformation-associated genetic aberrations, as the majority of the patients presented with additional mutations. 27 It was reported in a recent letter to JAMA Oncology that the common presence of co-occurring genetic alterations may be associated with resistance to EGFR TKIs in patients with EGFR-mutant NSCLC. 28 We identified that 5 of 22 patients with ROS1 rearrangements had additional mutations, and by Kaplan-Meier curve, we found that these patients had a significantly inferior PFS with crizotinib. We suppose that bypass activation of survival signaling pathways or tumor heterogeneity may contribute to the negative PFS with crizotinib in these patients. With the prevalence of NGS, a genome-identified subgroup showed the important role of precisely targeted treatment. A larger sample size study focusing on NGS identified multiple mutations that are needed for the development of a genomeidentified subgroup.
Unlike another study by Li et al that evaluates the ROS1 fusion partners by Sanger sequence, our study used NGS to perform the genotype of ROS1. 29 The higher dual fusion partner detection rate may be correlated with the high sensitivity of NGS compared with Sanger sequence. 30 Of interest, a recent study has reported that different types of ROS1 fusion partners may be associated with the PFS of crizotinib in patients with ROS1 rearrangements, as the CD74 fusion subgroup showed inferior PFS compared with the non-CD74 group (17.63 vs 12.63 months; P=0.048). 29 A tendency of longer PFS was observed in the non-CD74 subgroup, although it had no significance in our study. However, we observed that concomitant mutations were more likely to occur in the CD74 group (four of five), which may provide a rationale to the mechanism underlying the negative impact in PFS of crizotinib for NSCLC patients with CD74-ROS1 rearrangement.
Whereas in the past tyrosine kinase gene mutations were recognized as independent and mutually exclusive in lung cancers, the coexistence of kinase gene mutations such as EGFR and ALK was reported in recent years. [31] [32] [33] [34] In our study, one patient was identified with ROS1 fusion plus MET amplification and received crizotinib as the first-line treatment; however, this patient eventually proved nonresponsive to crizotinib and died shortly after with an overall survival of 1.5 months. The mechanism underlying this negative response was unknown.
Five patients in our study were detected with dual fusion partners of ROS1. All these patients were found as a common fusion partner (CD74=3, EZR=2) with another unreported fusion partner (MRAS=1, ADGRV1=1, PUM1=1, BTBD9=1, XPNPEP1=1). We found that both the partners were fused to the same site of the ROS1 gene in each patient; however, which one was the driver fusion was unknown. Besides, only one of these five patients with dual ROS1 fusion had disease progression, and whether dual fusion partners might play a role in response to crizotinib was not assessed. To analyze influential genetic factors of crizotinib in patients with ROS1 rearrangement, larger scale clinical studies and basic 
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Zeng et al experiments are required. There are many detailed influential factors of the first-generation ROS1 TKI treatment that remain unknown and require further studies to elucidate. Considering brain metastases, 5 of 19 crizotinib-treated patients were found to have brain metastases at first diagnosis and, these patients exhibited inferior PFS compared with those without brain metastases (8.5 vs 13.6 months), although with no significance. Whether brain metastases negatively affect the PFS with crizotinib needs more study and larger samples to elucidate.
There are several limitations in our study. First, this study was a retrospective study with a small sample size of ROS1-positive patients conducted in only one center. Second, the results of targeted NGS were not verified by another testing method, and we used different testing panels (56 genes and 168 genes, although all contained ROS1) in the real-world practice, mainly due to patient choice and consideration of disease complexity.
Despite these limitations, this retrospective study demonstrated that NGS-identified patients with ROS1-rearranged NSCLC responded well to crizotinib in real-world practice, whereas concomitant mutations may reduce the length of PFS with crizotinib. In addition, our study highlights the importance of multiplex molecular profiling for lung cancers, as the discovery of multiple mutations may have potential clinical impact on these patients. We believed that "dual-targeted" profiling, a combination of targeted NGS and targeted TKI, will result in a better real-world practice for the management of patients with NSCLC. Further, a similar analysis on EGFR mutations and ALK arrangements will be conducted in our center in the near future.
